INTRODUCTION


The Samurai 1 is a sweet sorghum variety that is used in bioethanol industry. Sweet sorghum bagasse is a bioethanol industrial by-product that is potential for use as a fiber source for ruminants. This bagasse is derived from sweet sorghum stem after juice extraction so that the only remaining material mostly consists of fiber or complex carbohydrates. The high fiber content of sweet sorghum bagasse resulted in low palatability NaOH and Ca(OH) 2 on cellulose degradation in sweet sorghum bagasse. Thanapimmetha et al. [4] investigated the use of Trichoderma harzianum to increase the depolymerization of lignocellulosic materials in sweet sorghum bagasse. The chemical-free hydrothermal pretreatment method was also used in the study. However, many methods above were dangerous for livestock and could cause chemical environmental pollution.
Ionizing irradiation, a process in which material exposed to gamma rays or electron beam, has been recognized as a reliable and safe method to improve the nutritive value of feeds [5, 6] . Gamma irradiation is an alternative treatment to reduce the cell wall constituents, and depolymerize or delignify fibers in the plant.
Wang et al. [7] examined the effects of gamma irradiation as pretreatment of agricultural residues. Hahm et al. [8] have investigated the use of gamma irradiation on the nutrient composition, anti-nutrial factors, in vitro digestibility and ruminal degradation of whole cotton seed. From the above information, there has been no information yet on gamma irradiation effect on ruminal degradation kinetics of lignocellulosic materials used in sweet sorghum bagasse. Therefore, the aim of this study was to investigate the influence of gamma irradiation on dry matter (DM), organic matter (OM), and neutral detergent fiber (NDF) degradability of Samurai 1 sweet sorghum bagasse to utilize them in ruminant diets.
EXPERIMENTAL METHODS
Sample preparation
Samurai 1 sorghum was harvested at 100 days. Sorghum bagasse was obtained from Samurai 1 sorghum stem by-product after juice extraction. Samples were dried at 60 °C and ground to pass a 2 mm screen. Gamma irradiation was carried out in a cobalt-60 irradiator in the Center for the Application of Isotopes and Radiation. Two polyethylene packages of samples were irradiated in a gamma cell (Co-60) at doses of 50 and 100 kGy in the presence of air.
Animal and diets
Buffalo bulls with live weight of 300 kg fitted with rumen fistula were placed in 5 m × 3 m pens with concrete floors that were cleaned regularly.
The buffaloes were fed a total mixed ration containing field grass and concentrate (50:50) based on dry matter (DM). The concentrate consisted of soybean meal (9 %), pollard (10 %), onggok (29%), rice bran (28.5 %), soy pulp (15 %), lacto-mineral (2 %), urea (1.5 %), salt (1 %), lime (1 %), and molasses (3 %), and then mixed into horizontallymixer. Diet was formulated to contain 13 % Crude Protein (CP)/kg of DM and fed twice daily at 08:30 and 15:30 h.
In sacco ruminal degradability
Nylon bags (8 cm × 15 cm) with a pore size of 50 m were filled with approximately 4.5 g of the samples ground to pass a 2 mm screen. Bags filled with untreated, 50 kGy and 100 kGy irradiated samples were incubated in the rumen for periods of 0, 8, 24, 48 and 72 h. All bags were simultaneously placed in the rumen, just before the buffaloes were offered their first meal in the morning (<08:30 h). After retrieved from the rumen, the bags were washed with tap water and stored at -20 °C. After thawing, the bags were washed and dried in a turbing machine. The same procedure was applied to the 0 h sample periods. All residues were freezedried and analyzed for DM, OM, and NDF [9] to establish ruminal degradation kinetics of untreated and irradiated sorghum bagasse.
Statistical analyses
Reductions of DM or NDF content were fitted to the exponential model of Ørskov and McDonald [10] as p = a+b (1-e -ct ). The constants a and b represent the soluble fraction and the fraction of non-soluble but degradable component which disappears at a constant fractional rate c per unit time, respectively. The effective degradability (ED) was calculated using ED = a+bc/(c+k), estimated outflow rates (k) of 0.02 and 0.05 [11] . The data was analyzed using completely randomized design by SPSS 16.00 with the following statistical model of Y ij = μ + α i + ε ij , where Y is the dependent variable, μ the overall mean, α i the gamma irradiation effect and ε ij is the residual error. Differences among treatments were separated using Duncan's Multiple Range Test [12] .
RESULTS AND DISCUSSION
The degradation of DM, OM, and NDF was greater for irradiation-treated samples than for untreated Samurai 1 sorghum bagasse (p<0.05) ( Tables 1, 3 , and 5). DM degradation under 50 and 100 kGy irradiation doses started higher than untreated samples after eight hours of incubation. The irradiation dose of 100 kGy also resulted in a higher DM degradation than a 50 kGy dose after 24 hours incubation ( Table 1) . The DM degradation characteristics of the a and b fractions were no different between irradiated and untreated samples, while for the c fraction, the DM degradation was greater among irradiated samples than untreated samples ( Table 2 ). The high rate of degradation (c fraction) resulted irradiated samples having a higher ED of DM than untreated ones ( Table 2 ). The OM degradation of 50 kGy irradiation started higher than untreated samples after 8 hours incubation. The OM degradation of 100 kGy irradiation samples is higher than that of untreated samples at 8 and 72 hours of incubation (Table 3) . The Gamma irradiation dose of 100 kGy was more effective to improving OM degradation on Samurai 1 sorghum bagasse than 50 kGy dose. Gamma irradiation treatment could also increase the ED value of OM on estimated flow rate k=0.02, but only 100 kGy gamma irradiation treatment that could increase ED value of OM on k=0.05 (Table 4) . Irradiation process could increase DM and OM degradation due to gamma irradiation's ability to cut lignohemicellulose and lignocellulose chain. This process increases the ratio of lignocellulose to crude fiber so as to accelerate the degradation rate of Samurai 1 sorghum bagasse. Takács et al. [5] reported that irradiation treatment has been used as a physical method to improve the nutritive value and digestibility of feedstuffs due to its effects on the lignocellulosic bonds. The digestibilty of organic matter and energy were increased. Irradiation increased the cellulose-to-crude fiber ratio in some agricultural residues (cottonwood, lentils straw, apple pruning products, and olive cake). Chemical composition analysis showed that gamma irradiation doses of 50, 100, 150, 200, 250, and 300 kGy was able to degrade lignocellulose bonds as a pretreatment [13] . This study is in accordance with Tang et al. [14] that reported that gamma irradiation could improve rice straw OM degradation. This implies that gamma irradiation might change the fiber fraction of rice straw.
There are several opinions about the influence of gamma irradiation on DM degradation. It seems unrealistic to conclude that the feed value of irradiated samples is increased to the same extent. Fragments from lignin and monomers of carbohydrates may pass through the pores of bags. In different opinion, Kortei and Wiafe-Kwagyan [15] reported that gamma irradiation could break lignocellulose content of agro by-products to smaller molecules. Saini et al. [16] also stated that the aim of gamma irradiation pretreatment is to disrupt the tough lignocellulose complex to expose utilizable polymers. Pectic, cellulosic, and starch polysaccharides are degraded by cleavage of glycosidic bonds [17] so it could increase feed degradation value.
Gamma irradiation treatment of 50 kGy and 100 kGy could increase NDF degradation after a zero-hour incubation (Table 5 ). This treatment was also able to increase NDF degradation rate (c fraction) and ED value on Samurai 1 sweet sorghum bagasse (Table 6 ). Gamma Irradiation treatment was able to reduce NDF content on Samurai 1 sweet sorghum bagasse. Lower NDF content caused by the response to the gamma irradiation treatments is attributed to the type of the treated samples, the structure of the lignin materials, and the cellulose and lignin contents of the residue. Gamma irradiation pretreatment also reduce NDF, ADF, and OM contents [14] . Kim et al. [13] showed that gamma ray irradiation on Brachypodium distachyon decreased the cell wall yield, lignin content, and neutral sugar content. Several other researchers reported that irradiation can be used to improve the degradation kinetics of the DM and NDF of wheat straw. DM and NDF degradability increased linearly (P<0.001) with increases in irradiation dose [18] This study examined the effects of gamma irradiation on in sacco ruminal degradation. This study found that DM, OM, and NDF ruminal degradation of Samurai 1 sorghum bagasse could increase with gamma irradiation treatment. In another study, it was reported that high doses of electron beam irradiation (250 and 500 kGy), the effective degradability of NDF at a ruminal passage rate 0.05/h increased by 11 % and 20 % respectively [19] . However, morphological, structural, and functional changes in samples are governed by the intensity and duration of the gamma irradiation [20] . The results of this study need to be supported by testing the effects of gamma irradiation on Samurai 1 sorghum bagasse with other experiments. In vitro and in vivo digestion experiments seem necesarry to evaluate this industrial by-products. Thus, if gamma irradiation is to have a role in the treatment of Samurai 1 sorghum bagasse, it must be more useful, cheaper, and applicable than physical and chemical treatment methods.
CONCLUSION
Gamma Irradiation treatment increased ruminal DM, OM, and NDF degradation. Gamma irradiation is able to break down the lignocellulose materials, break β 1,4 branch chain of cellulose and make it easily digested for rumen bacteria. The best dose of gamma irradiation for processing Samurai 1 sweet sorghum bagasse as a fiber source for ruminants was 100 kGy. Further study is needed to investigate the influence of higher dose of gamma irradiation (> 100 kGy) on Samurai 1 sweet sorghum bagasse degradability.
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